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蛋白（HBx）对于 HBV 的复制和 HBV 相关肝癌的发生发展起着重要的作用。本
研究从 HBV 相关肝癌患者的癌、癌旁组织标本和血清标本出发，发现 HBV 相
关肝癌组织的低复制性与 HBx 羧基端的截短突变有相关性。先前也有研究表明





通过免疫共沉淀实验和 western blot 检测细胞内 caspase 蛋白激活水平，阐明
HBx 羧基端介导的 HBV 复制和细胞死亡机制如下：其一，野生型 HBx 通过羧
基端的类 BH3 结构域与 Bcl-2 相互结合，竞争性抑制了 Bcl-2 对 InsP3Rs 的相互
作用，促进了 InsP3R 通道将钙离子从内质网释放到细胞质；其二，细胞质内钙
内流的上调激活 Pyk2 激酶-Src 激酶级联反应，促进 HBV 复制；同时，钙内流的
上调诱导线粒体膜通透孔 MPTP 开放，启动线粒体依赖的细胞死亡通路，DNA
片段破碎，细胞结构破坏，导致细胞死亡；其三，野生型 HBx 通过靶向于线粒
体膜上的 Bcl-2/Bcl-xl 蛋白，促进 Bak-Bax 复合体的形成，促进 MPT 的介导的线
粒体内钙离子流的释放；其四，羧基端截短型 HBx 由于失去了与 Bcl-2 相互结合
的类 BH3 结构域，失去了与 Bcl-2 相互结合的能力，从而失去了介导 Bcl-2 依赖
的内质网和线粒体钙离子流的释放，因而失去了诱导由此而引起的 HBV 的复制
和细胞死亡的生物学效应。 
本研究阐明的 HBx/ Bcl-2/InsP3Rs/MPTP/Ca2+信号通路可能成为治疗 HBV
相关肝病的潜在作用靶点，对于 HBV 的抗病毒治疗及预防进展为 HBV 相关肝
癌带来新的曙光。 
 


















The hepatitis B virus (HBV) X protein (HBx) is essential for virus infection and 
has been implicated in the development of HBV-related hepatocellular carcinoma 
(HCC). HBx is a multifunctional protein with pleiotropic activities, among which is 
its ability to stimulate HBV replication and interfere with cell death. In our study,we 
observe that truncated forms of HBx with a deletion in the distal C-terminal region are 
more frequently found in HBV-associated tumors as compared to adjacent non-tumor 
tissue, and attenuated HBV replication were also observed in HBV-related tumors in 
which C-terminal truncated HBx is frequently detected. Previous work has suggested 
that HBx mutants with truncations at the C-terminal end have a diminished ability to 
stimulate HBV replication,but its cellular targets and acting mechanisms remain 
elusive. We show here C-terminal region is required for HBx-induced HBV 
replication ,cell death and cytosolic calcium elevation in vitro and vivo. 
  Furthermore, we demonstrate that HBx induces viral replication and cell death 
by a mechanism that requires its C-terminal region to interact with Bcl-2, 
competitively inhibited the functional interaction of Bcl-2 with Inositol 
1,4,5-trisphosphate (InsP3) receptors (InsP3Rs) ,which are calcium channels located 
on the endoplasmic reticulum(ER), relieving the inhibitory effect of Bcl-2 on InsP3Rs, 
thereby regulates InsP3-induced calcium release from the ER,eventually  leads to 
HBV replication and cell death. These observations highlight the impact of C-terminal 
region of HBx on HBx-induced cytosolic calcium elevation and the resultant viral 
replication and cell death, may help elucidate mechanism associated with the role of 
HBx during HBV replication and in the development of HBV-associated HCC,and 
could present  novel therapeutic intervention approaches in treating patients infected 
with HBV. 
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图 1-1 HBV 感染在全球的分布范围[1] 
Fig.1-1 Global prevalence of HBV infection 
1.1.2 HBV 基因组结构和病毒颗粒 
1.1.2.1 HBV 基因组结构 
















基对（base pair，bp）之间，我国流行的 B 和 C 基因型大小为 3215bp[2, 3]。 
HBV 的基因组包括 DNA 双链和黏性末端，如下图所示（图 1-2）。 
双链：HBV 基因组独有的结构，是一个环状部分双链 DNA。双链的长度不
同，较长的一链与 mRNA 互补，定为负链，较短的一链就定为正链。负链的 3’
端与 5’端有 5-8 个碱基重复，称末端过剩段，正链 5’端固定，3’端长度在负
链的 50%-100%之间不定，故 HBV 基因组仅部分为双链。 
黏性末端：正负链 5’端 1601-1826 核苷酸之间的 224bp 核苷酸序列为黏性末
端，两侧各有一个直接重复序列 DR1(direct repeat,DR)和 DR2。DR1 和 DR2 是
HBV 在复制过程中形成长的黏性末端，从而形成环状 DNA,DR 区域与 HBV 的
整合密切相关 [4] [5]。 
HBV 负链 DNA 序列包含 4 个开放阅读框（Open reading frame，ORF），即
Pre-S/S、Pre-C/C、Pol 和 X，分别编码表面抗原(HBsAg)、e 抗原(HBeAg)和核心
抗原(HBcAg)、P 蛋白和 X 蛋白（HBx）。S-ORF:分别为前 S1 区、前 S2 区和 S





图 1-2 HBV 基因组结构[3] 
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